Introduction {#s0001}
============

Benign prostatic hyperplasia (BPH) is a disease common in aging males. It is characterized by histological changes associated with significant growth of prostate stromal and epithelial cells leading to lower urinary tract symptoms (LUTS) (Gacci et al. [@CIT0010]). Typical LUTS are increased urinary frequency, urgency incontinence and nocturia, and these symptoms are associated with increased risk of obstruction of the urethra, urinary retention and urinary infection (Miller & Tarter [@CIT0025]). Medications currently used to treat BPH are 5α-reductase inhibitors and α~1~-adrenergic receptor antagonists (McVary [@CIT0024]). The 5α-reductase inhibitors finasteride and dutasteride attenuate the development of BPH by inhibiting the production of dihydrotestosterone (DHT) from testosterone (Gravas & Oelke [@CIT0012]). 5α-Reductase converts circulating testosterone in the prostate into the more potent androgen DHT, which is a metabolite of testosterone and an important mediator of prostate proliferation (Andriole et al. [@CIT0002]). Drugs that target the α~1~-adrenergic receptor, such as doxazosin, terazosin and tamsulosin, are also used to treat BPH, and they relieve LUTS by relaxation of the neck of the bladder and smooth muscle in the prostate (Gilbert Jr et al. [@CIT0011]; Shin et al. [@CIT0031]). Both of these antagonists are effective in treating men with BPH. However, their use is considerably restricted due to their adverse effects, which include erectile dysfunction, loss of libido, dizziness and upper respiratory tract infection (Bullock & Andriole Jr [@CIT0005]; Paba et al. [@CIT0027]).

*Lespedeza cuneata* G. Don (Fabaceae) is a species of flowering plant native to Asia and eastern Australia. *L. cuneata* is used as a traditional herbal medicine for asthma, abscesses, breast cancer, and protection of liver and kidney function (Ahn [@CIT0001]). Several studies have indicated that it has therapeutic effects on diabetes, low stamina and amblyopia (Huang [@CIT0014]). Its bioactive components include β-sitosterol, quercetin, kaempferol, pinitol, avicularin, juglanin and trifolin, among others (Matsuura et al. [@CIT0023]). These are known to have antioxidant, anti-inflammation and anticancer effects. In particular, β-sitosterol has the potential to inhibit BPH and high blood cholesterol levels (Wilt et al. [@CIT0034]; Rudkowska et al. [@CIT0029]). Roots and leaves of *L. cuneata* also contain minerals, amino acids, vitamins and flavonoids, suggesting that extracts of the leaves may have antioxidative and anti-inflammatory effects (Ding et al. [@CIT0008]; Deng et al. [@CIT0007]; Kim & Kim [@CIT0016]). Although many previous studies have examined the pharmacological effects of *L. cuneata*, the pharmacological effects of an aqueous extract of *L. cuneata* (LCW) on testosterone-induced prostatic hyperplasia (TPH) have not been explored.

In this study, we, therefore, examined the inhibitory effects of an aqueous extract of *L. cuneata* (LCW) on the TPH rat model by measuring changes in prostate weight and the expression of DHT, 5α-reductase, and inflammatory cytokines as well as prostate histomorphology. Our results indicate that LCW may be a novel candidate medication to preventive prostatic hyperplasia.

Materials and methods {#s0002}
=====================

Chemicals and reagents {#s0003}
----------------------

Standardized *L. cuneata* was obtained from Kwangdong Pharmaceutical Co., Ltd in January 2017. Specimens are stored in Kwangdong Pharmaceutical Co., Ltd (KP201701). The stem and leaves of *L. cuneata* were extracted in boiling water for 6 h. Filtered extracts were concentrated and powdered under reduced pressure. The yield was about 10.57%. The powder (LCW) was lyophilized and stored at 4 °C. Prior to this study, the genotoxicity of LCW was evaluated. Genotoxicity was assessed by the GLP organization (Korea Conformity Laboratories, Seoul, Korea), and no abnormalities were observed in the three tests: one for reversion mutations (GT17-00036), one for genetic mutations (GT17-00037) and a micronucleus test (GT17-00038), indicating no genotoxicity. Rat DHT enzyme-linked immunoassay (ELISA) MAX™ standards were obtained from BioLegend, Inc. (San Diego, CA). Unless otherwise indicated, all chemicals used in this research were purchased from Sigma-Aldrich Co. (St. Louis, MO).

Animals and treatment {#s0004}
---------------------

Experimental animals were 10-week-old male Wistar rats weighing 330--350 g obtained from Korea Laboratory Animal Co. (Daejeon, Korea). Rats were housed for 7 days prior to the experiment for acclimatization in solid-bottomed plastic cages designed to allow easy access to standard laboratory food and water. Mice were kept in sanitary ventilated animal rooms with a controlled temperature (25 ± 1 °C) and regular light cycle (12 h light/dark). Animal experiments were conducted in accordance with the current ethical regulations for animal care and use at Kyung Hee University (KHUASP(SE)-16-014). To prevent the influence of intrinsic testosterone, rats in all groups except the control group underwent bilateral orchiectomies 3 days prior to the administration of testosterone propionate. For the orchiectomies, animals were anesthetized by intraperitoneal injections of ketamine (0.05 mL/kg) and xylazine (0.05 mL/kg). The testis was exposed by performing a transverse resection on both scrota in the supine position, and the spermatic cord and blood vessels were ligated with 3-0 sutures and resected. To induce TPH, animals were randomly divided into a control group (*n* = 6) and TPH group (*n* = 6). Prostatic hyperplasia was induced in the latter group by daily subcutaneous injections of testosterone propionate (3 mg/kg, Sam Il Pharmaceuticals, Seoul, Korea) for 6 weeks. The effects of LCW were examined in a total of 12 rats for 6 weeks. Following the induction of prostatic hyperplasia, animals were randomly divided into four groups of four. Three of the groups were given an oral dose (25, 50 and 100 mg/kg, respectively) of LCW diluted in distilled water for 6 weeks, while the fourth group (control group) received finasteride 10 mg/kg for 6 weeks.

Body and prostate weight {#s0005}
------------------------

Body weight was measured weekly. After the last treatment, all animals were fasted overnight and sacrificed using CO~2~. Prostates were removed immediately and weighed. Relative prostate weight was calculated as the ratio of prostate weight to body weight. Percentage inhibition of the increase in prostate weight induced by LCW was determined as described in a previous study (Babu et al. [@CIT0003]; Shin et al. [@CIT0031]). The ventral lobe of the prostate was divided in half. One half was fixed using 10% neutral-buffered formalin and embedded in paraffin for histomorphology, while the other half was stored at −80 °C for other analyses.

Prostatic index (PI) {#s0006}
--------------------

The PI was calculated as the ratio of prostate weight to body weight.

Percentage inhibition of prostate weight and prostatic index {#s0007}
------------------------------------------------------------

Inhibition of the testosterone-induced increase in prostate weight and prostatic index were calculated as follows: 100 − \[(T − NC)/(PC − NC) × 100\], where NC, PC and T are negative control, positive control and treatment group values, respectively (Babu et al. [@CIT0003]).

Histopathological examination {#s0008}
-----------------------------

To investigate morphological changes in the prostate, tissues were embedded in paraffin, cut into sections of 4 μm thickness, and stained with hematoxylin and eosin (H&E) solution (hematoxylin, Sigma MHS-16 and eosin, Sigma HT110-1-32). Tissues were subsequently mounted and cover slipped using mounting medium (Invitrogen, Carlsbad, CA) and then examined microscopically (Olympus, Tokyo, Japan).

Serum analysis {#s0009}
--------------

At sacrifice, samples of whole blood were collected by cardiac puncture, and blood was allowed to clot for 30 min. Serum was then separated via centrifugation at 1500 *g* for 10 min. DHT, a marker of BPH present in the serum, was measured using ELISA kits for DHT (BioLegend, Inc.). All ELISA procedures were performed according to the manufacturer's protocols.

Isolation of total RNA and quantitative real-time PCR {#s0010}
-----------------------------------------------------

Following the manufacturer's protocol, total RNA was extracted from prostate tissue isolated from testosterone-induced rats orally administered LCW using Trizol reagent. Isolated RNA (1 mg/mL) was reverse transcribed using a SuperScript II kit for cDNA synthesis, Takara Bio Inc., Kyoto, Japan. The cDNA was subjected to quantitative real-time (qRT)-PCR using thermocyclers from Applied Biosystems (Franklin Lakes, NJ). The sequences of the primers to amplify the BPH-associated genes analyzed in this study are provided in [Table 1](#t0001){ref-type="table"}.

###### 

Quantitative real-time PCR primer sequences.

  Target gene                 Sequence                        
  --------------------------- ------------------------------- -------------------------------
  5α-reductase type 2 (Rat)   Sense                           5′-GACCACAGGCGAGATGCAGA-3′
  Antisense                   5′-TGTGTTTCCCGTAACTGGCG-3′      
  FGF-2 (Rat)                 Sense                           5′-GAACCGGTACCTGGCTATGA-3′
  Antisense                   5′-CCGTTTTGGATCCGAGTTTA-3′      
  PCNA (Rat)                  Sense                           5′-CAATTTCTAGCAACGCCTAAGAT-3′
  Antisense                   5′-AAGAGGAAGCTGTGTCCATAGAG-3′   
  IL-1β (Rat)                 Sense                           5′-TCCTCTGTGACTCGTG GGAT-3′
  Antisense                   5′-TCAGACAGCACGAGGCATTT-3′      
  IL-6 (Rat)                  Sense                           5′-AGAGACTTCCAGCCAGTTGC-3′
  Antisense                   5′-AGCCTCCGACTTGTGAAGTG-3′      
  TNF-α (Rat)                 Sense                           5′-TCGTCTACTCCTCAGAGCCC-3′
  Antisense                   5′-ACTTCAGCGTCTCGTGTGTT-3′      
  COX-2 (Rat)                 Sense                           5′-AATCGCTGTACAAGCAGTGG-3′
  Antisense                   5′-GCAGCCATTTCTTTCTCTCC-3′      
  β-actin (Rat)               Sense                           5′-CGTGAAAAGATGACCCAGAT-3′
  Antisense                   5′-ACCCTCATAGATGGGCACA-3′       
  AR (Human)                  Sense                           5′-CTCACCAAGCTCCTGGACTC-3′
  Antisense                   5′-CAGGCAGAAGACATCTGAAAG-3′     
  PSA (Human)                 Sense                           5′-GCAGCATTGAACCAGAGGAG-3′
  Antisense                   5′-AGAACTGGGGAGGCTTGAGT-3′      
  β-actin (Human)             Sense                           5′-GATGAGATTGGCATGGCTT-3′
  Antisense                   5′-CACCTTCACCGTTCCAGTTT-3′      

Cell culture {#s0011}
------------

Human prostate epithelial cell line, BPH-1, was purchased from DSMZ (Braunschweig, Germany). BPH-1 were maintained with Roswell Park Memorial Institute (RPMI) 1640 medium containing 10% FBS (Welgene, Daegu, Korea), 1% penicillin/streptomycin (Welgene) and insulin (10 mg/mL) at 37 °C, 5% CO~2~. Medium was replaced 2--3 times a week. The cells were subcultured using trypsin-EDTA (Welgene Daegu, Korea) to detach them from the culture dish and centrifuged at 800 rpm, 2 min. Subculture was progressed when the cells were 70 ∼ 80% full.

MTT assay {#s0012}
---------

MTT assay was used to determine the cell viability. After BPH-1 cells had been seeded 5 × 10^3^ cells/well using a hemocytometer. Culture (100 μL) was put into each well of a 96-well plate. After incubating the cells for 24 h, the medium was replaced by fresh and dissolved LCW was treated. MTT was prepared as a stock solution (5 mg/mL) in distilled water, filtered, and the MTT solution was added to each well. After incubation for 4 h at 37 °C, 5% CO~2~, the solution was removed in each well and DMSO (100 μL) was added to each well. The 96-well plates were read by a multi reader at 550 nm for absorbance density values to determine the cell viability and the percentage of surviving cells was calculated from the ratio of absorbance of treated to untreated cells

Statistical analyses {#s0013}
--------------------

Representative data from three independent experiments are presented as mean ± standard error of the mean (SEM). The significance of differences between control and experimental values were evaluated by one-way ANOVA. Analyses were performed with Graphpad Prism 5 (GraphPad Software Inc. CA, USA). Statistical significance was defined as *p* \< 0.05.

Results {#s0014}
=======

Effect of LCW on body and prostate weight in TPH rats {#s0015}
-----------------------------------------------------

We used testosterone to induce prostate hyperplasia in rats for 6 weeks and then measured the weights of the body and prostate. As shown in [Table 2](#t0002){ref-type="table"}, body weight was not significantly different before and after testosterone treatment. Administration of testosterone remarkably increased prostate weight compared to the normal control group. Oral administration of LCW at 50 and 100 mg/kg significantly reduced prostate weight compared to the testosterone-treated group (TPH) (*p* \< 0.05). Administration of finasteride (10 mg/kg), a positive control, also had an inhibitory effect on prostate weight compared to the TPH group. However, the effect of LCW was not dose-dependent. The inhibition was 8.3, 80, 41.7 and 84.6% for LCW 50, 100, 200 mg/kg, and finasteride (10 mg/kg), respectively, compared to the TPH group. Moreover, rats with TPH had a much higher prostatic index than the normal control group. Inhibition of the prostatic index was 11.47, 69.78, 22.51 and 75.10% by LCW 50, 100, 200 mg/kg, and finasteride (10 mg/kg), respectively, compared to the TPH group (As shown in [Table 2](#t0002){ref-type="table"}).

###### 

Body weight, prostate weight and prostatic index in TPH rats.

  Group         Body weight (g)   Prostate weight (g/kg body weight)   \% Inhibition                                Prostatic index × 10^−3^   \% Inhibition                                   
  ------------- ----------------- ------------------------------------ -------------------------------------------- -------------------------- ----------------------------------------------- -------
  NC            363.4 ± 5.2       512.5 ± 8.6                          1.1 ± 0.2                                    --                         2.141 ± 0.709                                   --
  TPH           355.5 ± 4.3       492.8 ± 10.9                         1.6 ± 0.2[^a^](#TF2){ref-type="table-fn"}    --                         3.24 ± 0.669[^a^](#TF2){ref-type="table-fn"}    --
  LCW-25        352.7 ± 4.7       467 ± 5.1                            1.5 ± 0.1                                    8.3                        3.21 ± 0.358                                    11.47
  LCW-50        354 ± 9           461.7 ± 9.3                          0.8 ± 0.04[^b^](#TF3){ref-type="table-fn"}   80                         1.732 ± 0.103[^b^](#TF3){ref-type="table-fn"}   69.78
  LCW-100       330 ± 8.3         474 ± 26.5                           1.1 ± 0.2[^b^](#TF3){ref-type="table-fn"}    41.7                       2.427 ± 0.813[^b^](#TF3){ref-type="table-fn"}   22.51
  Finasteride   336.3 ± 5.8       466.4 ± 24.5                         0.6 ± 0.1[^b^](#TF3){ref-type="table-fn"}    84.6                       1.307 ± 0.37[^b^](#TF3){ref-type="table-fn"}    75.10

Values are expressed as mean ± S.E.M. Data were analyzed by one-way ANOVA followed by Bonferroni′s multiple comparison tests.

*p* \< 0.05, significantly different from the normal control group.

*p* \< 0.05, significantly different from the TPH group.

Effects of LCW on histological features of the prostate in TPH rats {#s0016}
-------------------------------------------------------------------

The inhibitory effects of LCW on the morphology of the prostate in testosterone-induced rats are demonstrated in [Figure 1(A)](#F0001){ref-type="fig"}. Normal histological features of the prostate were observable in the normal control group, such as the presence of tubules of variable diameter with irregular lumens ([Figure 1(A)](#F0001){ref-type="fig"}). In the TPH group, the tubules were wider and the tubule walls were thickened. In addition, almost all tubules developed involutions in the lumens, inhibiting the volume of the lumen because of overgrowth and thickening of the epithelial cell layers, compared to the normal control group ([Figure 1(B)](#F0001){ref-type="fig"}). However, the changes in morphology of the prostate in the TPH group were ameliorated by oral administration of LCW or finasteride. Oral administration of LCW at 50 and 100 mg/kg restored the overall structure of the prostate compared to the TPH group and preserved the normal histological features of the prostate ([Figure 1(D,E)](#F0001){ref-type="fig"}). Finasteride also protected against changes in the overall structure of the prostate and preserved the normal histological features of the prostate ([Figure 1(F)](#F0001){ref-type="fig"}). The thickness of the epithelial layer was measured and found to be significantly attenuated by oral administration of LCW 50, 100 mg/kg or finasteride at 27, 49.5 and 55.5 μm, respectively ([Figure 1(G)](#F0001){ref-type="fig"}). These data indicated that LCW had an inhibitory effect on prostate hyperplasia in testosterone-induced rats.

![Effect of LCW on prostatic hyperplasia. (A) Normal control group, (B) TPH group, (C) LCW 25 mg/kg group, (D) LCW 50 mg/kg group, (E) LCW 100 mg/kg group, (F) finasteride 10 mg/kg group. (A--F) Prostate tissues were fixed, embedded in paraffin, and sectioned at 4 μm. Hematoxylin and eosin (H&E)-stained slides were visualized at × 100 magnification. (G) Area and length of prostatic epithelial thickness in H&E-stained slides were analyzed using Image J software (NIH, Maryland, USA), and average thicknesses were estimated by dividing areas by lengths. ^\#^*p* \< 0.05, significantly different from the normal control group. \**p* \< 0.05, significantly different from the TPH group.](IPHB_A_1564929_F0001_C){#F0001}

Effects of LCW on the serum level of DHT and transcript level of 5α-reductase in TPH rats {#s0017}
-----------------------------------------------------------------------------------------

We investigated whether LCW is capable of regulating DHT production and 5α-reductase transcription in TPH rat model. Serum DHT level was significantly increased by testosterone. However, oral administration of LCW remarkably inhibited serum DHT level compared to the TPH group in a dose-dependent manner ([Figure 2(A)](#F0002){ref-type="fig"}). In addition, the increased expression of 5α-reductase induced by testosterone was significantly attenuated by oral administration of LCW at 50 and 100 mg/kg compared to the TPH group ([Figure 2(B)](#F0002){ref-type="fig"}). Treatment with finasteride as a positive control also had an inhibitory effect on testosterone-induced DHT production and 5α-reductase expression. These results confirmed that oral administration of LCW restored the normal morphology of the prostate in TPH by inhibiting the testosterone-induced increase in DHT serum level and 5α-reductase expression.

![Effects of LCW on DHT and 5α-reductase expression in TPH rats. (A) DHT level was quantified by serum rat ELISA assay. (B) 5α-reductase expression was quantified by real-time PCR. Data are mean ± S.E.M. (*n* = 6). ^\#^*p* \< 0.05, significantly different from the normal control group. \**p* \< 0.05, significantly different from the TPH group.](IPHB_A_1564929_F0002_B){#F0002}

Effect of LCW on the expression of inflammatory cytokines in the prostates of TPH rats {#s0018}
--------------------------------------------------------------------------------------

Previous studies have reported that chronic inflammation is associated with increased prostate volume and the pathogenesis and progression of BPH (Nickel et al. [@CIT0026]). To investigate whether LCW could regulate the expression of inflammatory cytokines in the prostate of TPH rats, the gene expression of inflammatory cytokines was examined by qRT-PCR. TPH significantly elevated mRNA expression of IL-1β, IL-6, TNF-α and COX-2 compared to the normal control. Oral administration of LCW (50, 100 and 200 mg/kg) and finasteride 10 mg/kg remarkably ameliorated the testosterone-induced increase in mRNA expression of these inflammatory cytokines ([Figure 3](#F0003){ref-type="fig"}).

![Effect of LCW on inflammatory cytokines in TPH. mRNA expression of IL-1β (A), IL-6 (B), TNF-α (C) and COX2 (D) in the prostate tissue of testosterone-treated rats administered LCW orally as quantified by quantitative real-time PCR. Values are mean ± S.E.M. (*n* = 6). ^\#^*p* \< 0.05, significantly different from the normal control group. \**p* \< 0.05, significantly different from the TPH.](IPHB_A_1564929_F0003_B){#F0003}

Effects of LCW on the expression of PCNA and FGF-2 in the prostate of TPH rats {#s0019}
------------------------------------------------------------------------------

Increased prostatic cell growth is one of the main characteristics of BPH in elderly men. Proliferating cell nuclear antigen (PCNA) is a marker of BPH and is involved in progression of the G1/S phase of the cell cycle (Lai et al. [@CIT0019]). In addition, fibroblast growth factors (FGFs) may play a role in prostate proliferation, as they have mitogenic and angiogenic activities (Xu et al. [@CIT0035]). Orchiectomy and administration of testosterone significantly increased mRNA expression of PCNA and FGF-2 in the TPH group compared to the normal control group. However, oral administration of LCW (25, 50, 100 mg/kg) and 10 mg/kg finasteride remarkably attenuated the testosterone-induced increase in PCNA mRNA expression by 24.94, 34.52, 48.97 and 45.56, respectively, compared to the TPH group ([Figure 4(A)](#F0004){ref-type="fig"}). Furthermore, mRNA expression of FGF-2 was dose-dependently inhibited by oral administration of LCW and finasteride at about 59.08, 53.98, 67.14 and 51.77, respectively, compared to the TPH group ([Figure 4(B)](#F0004){ref-type="fig"}).

![Effects of LCW on mRNA expression of PCNA and FGF-2 in TPH tissues. Transcript levels of (A) PCNA and (B) FGF-2 from prostate tissues of testosterone-treated rats with BPH that received oral administration of LCW as quantified by quantitative real-time PCR. Values are mean ± S.E.M. (*n* = 6). ^\#^*p* \< 0.05, significantly different from the normal control group. \**p* \< 0.05, significantly different from the TPH group.](IPHB_A_1564929_F0004_B){#F0004}

Effect of LCW on mRNA expression of the androgen receptor (AR) and prostate-specific antigen (PSA) in BPH-1 cells {#s0020}
-----------------------------------------------------------------------------------------------------------------

To confirm that treatment of LCW had an inhibitory effect on BPH, we used the benign prostatic hyperplasia epithelial cell line (BPH-1). BPH-1 cells were treated with LCW at concentrations of 6.25, 12.5, 25, 50, 100 and 200 μg/mL for 24 h. Then, the viability of BPH-1 cells was examined using the MTT assay. As shown in [Figure 5(A)](#F0005){ref-type="fig"}, treatment with LCW did not affect the viability of BPH-1 cells.

![Effect of LCW on the mRNA expression of AR and PSA in BPH-1 cells. BPH-1 cells were treated with different concentrations of LCW for 24 h. (A) Cell viability was measured by MTT assay. mRNA expression of AR (B) and PSA (C) was quantified by quantitative real-time PCR. Data are mean ± S.E.M from three independent experiments. \**p* \< 0.05, significantly different from the untreated group.](IPHB_A_1564929_F0005_B){#F0005}

AR signaling plays a critical role in enhancing cell growth in prostatic epithelial cells, thus promoting the development of BPH (Izumi et al. [@CIT0015]). PSA is known to be one of the main downstream target genes of the AR and is used as a biomarker to investigate the progression of prostate cancer and BPH. Therefore, we investigated whether LCW treatment downregulated the expression of AR and PSA in BPH-1 cells by qRT-PCR. Treatment of cells with the highest concentration of LCW for 24 h significantly decreased the mRNA expression of AR to about 63% of the control ([Figure 5(B)](#F0005){ref-type="fig"}). In addition, mRNA expression of PSA was inhibited in a concentration-dependent manner by LCW compared to the control ([Figure 5(C)](#F0005){ref-type="fig"}).

HPLC analysis {#s0021}
-------------

The confirmation of Vicenin-2 was carried out using UV/Vis spectroscopic measurement by comparing the HPLC chromatogram of LCW with that of standard Vicenin-2. Specificity was established by lack on interfering peaks at the retention time for 5.32 min for both sample and the standard ([Figure 6(A,B)](#F0006){ref-type="fig"}). The calibration curve for standard was found to be linear over regression coeffcient (*R*^2^) of 0.99998. The content of Vicenin-2 in the LCW was analyzed 0.98 mg/g.

![HPLC chromatogram for standard Vicenin-2 (A) and LCW (B). Both peaks have similar retention time of about 5.32 indicating that our LCW contains Vicenin-2.](IPHB_A_1564929_F0006_B){#F0006}

Discussion {#s0022}
==========

In this research, we investigated the effect of *L. cuneata* aqueous extract on testosterone-induced BPH in rats. We found that LCW attenuated the testosterone-induced increase in prostate weight and changes in histology of prostate tissue by decreasing expression of DHT and 5α-reductase, as well as the expression of markers of inflammation and oxidative stress in our rat model. In addition, expression of AR and PSA was inhibited at the transcriptional level by treatment of BPH-1 cells with LCW. The genotoxic experiment was commissioned to Korean Conformity Labratories (GT17-00036, GT17-00037 and GT17-00038). Since the LCW was reacted in male reproductive organs like prostate, it was necessary to check genetic toxicity to those organs. The results of genetic toxicity showed that LCW have no genotoxic ([Supplement 1--6)](https://doi.org/10.1080/13880209.2018.1564929).

BPH is the most common male benign proliferative disorder. It is found in approximately 40% of 70-year-old men, with microscopic foci found in up to 80% of 70-year-old men. Excess secretion of androgens is the main factor underlying the development of BPH (Ekman [@CIT0009]; Izumi et al. [@CIT0015]). In the current study, testosterone significantly increased prostate weight and the prostatic index, and histological changes in prostate tissue consistent with BPH were observed in testosterone-treated rats compared to the normal control group. These observations indicated that our animal model was suitable for evaluating the effects of LCW on TPH. Oral administration of LCW significantly inhibited prostate weight and the prostatic index and had similar effects to finasteride, a drug currently used to treat TPH. Histological examination of the prostate tissue of testosterone-induced rats revealed thick epithelial layers, stromal proliferation and glandular hyperplasia. However, TPH rats that received LCW showed a marked decrease in epithelial layer thickness and mild glandular hyperplasia, suggesting that LCW is an effective treatment for TPH.

Testosterone and DHT play an important role in the development of male reproductive organs and are involved in the pathogenesis of BPH (Andriole et al. [@CIT0002]; Miller & Tarter [@CIT0025]). Serum concentrations of testosterone and DHT may change with age (Izumi et al. [@CIT0015]). Serum DHT levels in BPH patients are remarkably higher than those in unaffected men of a similar age (Horton et al. [@CIT0013]). DHT is mainly synthesized in the prostate, hair follicles and testes from circulating testosterone by the enzymatic action of 5α-reductase. DHT has greater binding affinity for ARs than testosterone and adrenal androgens (Andriole et al. [@CIT0002]). Thus, a number of studies have investigated how DHT level is regulated by 5α-reductase. Finasteride is a representative 5α-reductase inhibitor used to treat BPH and downregulates testosterone and DHT levels in serum and the prostate gland, resulting in a decrease in prostate size and BPH-related LUTS (Bullock & Andriole Jr [@CIT0005]; Paba et al. [@CIT0027]). Researchers, however, are actively investigating alternative materials to finasteride to treat BPH because long-term use of finasteride has serious adverse effects (Cauci et al. [@CIT0006]). In our experiments, the testosterone-induced increase in expression of serum DHT and 5α-reductase was significantly inhibited by oral administration of LCW in a dose-dependent manner. This suggests that the inhibitory effect of LCW in our TPH animal model was due to downregulation of serum DHT level and transcript level of 5α-reductase, suggesting that LCW may be a viable alternative to finasteride to treat TPH.

Inflammation is emerging as a critical factor in the etiopathogenesis of BPH (Kramer et al. [@CIT0017]). The majority of BPH tissues have a vastly increased T leukocyte population, frequently express markers of activation, and show clustering of BPH-infiltrating T cells, suggesting a progressing immune response in BPH (Theyer et al. [@CIT0032]). In addition, leukocytes that have infiltrated into prostate tissue release a variety of inflammatory cytokines, such as IL-1β, IL-2, IL-4, IL-6, IFN-γ and TNF-α, which play an important role in maturation of the stroma and development of stromal nodules in BPH (Kramer et al. [@CIT0018]). Many research groups have been investigating compounds that inhibit the release of inflammatory cytokines as potentially effective therapeutic agents to treat BPH. In the present study, expression of the inflammatory cytokines IL-1β, IL-4, TNF-α and COX-2, an enzyme responsible for inflammation and pain, was significantly increased in the prostate tissue of rats treated with testosterone. However, treatment with LCW suppressed mRNA expression of IL-1β, IL-4, TNF-α and COX-2 in a dose-dependent manner compared to the testosterone-treated group. Extracts and bio-compounds of *L. cuneata* have already been shown to have anti-inflammatory effects (Lee et al. [@CIT0020], [@CIT0021]). In the current study, we established that LCW had an anti-inflammatory effect in a TPH rat model, suggesting that it may be an effective therapeutic agent for TPH.

Evidence from cell culture systems as well as immunohistochemical and mRNA analyses of BPH tissue, such as expression profiling of growth-regulatory proteins and cytokines, has provided insights into the potential roles of these growth factors and cytokines in the pathogenesis of BPH. In addition, several growth factors and a variety of interleukins that interact may cause abnormal stromal and epithelial cell growth in the prostate (Lucia & Lambert [@CIT0022]). Two types of FGFs found in BPH tissue are FGF-2 and basic FGF (bFGF). FGF-2 is 2- to 3-fold upregulated in BPH tissue compared to normal tissue (Ropiquet et al. [@CIT0028]). Expression of the principal receptor for FGF-2, FGFR1, is also elevated in BPH, suggesting upregulation of the FGF-2 signaling pathway in BPH (Boget et al. [@CIT0004]). Finasteride's mode of action is based on the involvement of FGF-2 in BPH. BPH treated with finasteride was associated with a reduction in FGF-2 level in comparison to untreated BPH, indicating that regulation of FGF-2 in BPH is dependent, at least in part, on DHT (Sáez et al. [@CIT0030]). In the present study, the testosterone-induced increase in mRNA expression of FGF-2 in the prostate tissue of rats was significantly inhibited by oral administration of LCW in a dose-dependent manner, indicating that LCW has the potential to treat TPH.

PCNA is widely used to evaluate cellular proliferation in benign and malignant proliferating tissues, and PCNA level has been revealed to correlate directly with the proliferate state of various tissues, including the prostate (Zhong et al. [@CIT0036]; Vikram et al. [@CIT0033]). Consistent with previous studies, testosterone-induced BPH in rats was characterized by a significant increase in mRNA expression of PCNA. However, oral administration of LCW markedly inhibited the mRNA expression of PCNA compared to the TPH group, suggesting suppression of prostatic hyperplasia.

In the present study, we used the BPH-1 cell line, a cell type established from human benign prostate hyperplasia, to confirm the effects of LCW *in vitro*. BPH-1 cells overexpress the AR and PSA, a pivotal downstream target gene of the AR. The overexpression of AR and PSA in BPH-1 cells was significantly reduced by treatment with LCW in a concentration-dependent manner compared to the untreated group. Although the doses used in the *in vitro* experiments did not inhibit testosterone-induced cell growth, AR and PSA were effectively inhibited. *In vitro*, at very high doses, there was nonspecific cytotoxicity with testosterone, and *in vivo* tests were performed at doses expected to have no other side effects. Also, we confirmed that the content of vicenin-2 is 0.89 mg/g in LCW. Vicenin-2 has been reported to have anti-inflammatory effects (Kang et al. [@CIT1015]) and prostatic cancer prevention (Nagaprashantha et al. [@CIT1026]; Sharad et al. [@CIT4031]). In the future, it is necessary to identify substances showing nonspecific cytotoxicity and substances showing specific effects on testosterone receptors. Finally, our results indicate that LCW had a protective effect against BPH both *in vitro* and *in vivo*. However, further research is required to identify the precise molecular mechanism by which LCW reduces the inflammation associated with prostatic hyperplasia and to determine the protective efficacy of discrete components of LCW.

Conclusions {#s0023}
===========

Our results provide the first demonstration that the aqueous extract of *L. cuneata* may be effective at treating prostatic hyperplasia. LCW successfully inhibited the symptoms of TPH in rats by decreasing the expression of DHT, 5α-reductase, and inflammation. The PCNA gene, which induces abnormal cell growth, was inhibited by LCW administration, and the growth factor FGF-2 was also inhibited. Therefore, it was concluded that administration of LCW inhibited the enlargement of the prostate tissue due to hormone changes induced by testosterone induction. In addition, treatment with LCW significantly attenuated transcription of the AR and PSA in BPH-1 cells. These findings strongly suggest that LCW is a novel candidate for the treatment of BPH as a functional food supplement. However, further studies are necessary to analyze active compounds and identify the molecular mechanisms underlying the treatment efficacy of LCW in prostatic hyperplasia.
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